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suMMARY

An experimentalinvestigationemployinga techniquewhichutilized
a zero-liftrocket-propelledmodelinfreeflighthasbeenmadeto
determinesomeof thecharacteristicsofan insettabasan aerodynamic
balanceintheMachnumberrangebetween0.7and1.4. Thefixed,
$&percent-chord,full-span,insettabthatwastivestigatedwasattached
toa 30-percent-chordfull-spanaileronona wingofaspectratio3 and
taperratio0.6thathadthequarter-chordlinesweptbackk5° andNACA
65AO06airfoilsectionsparallelto themodelcenterline.Resultsof
thisinvestigationshowthatthetabwascapableofbalancing(trinming)
theaileronhingemomentsthroughouttheMachnumberrangeinvestigated
eventhoughtheeffectivenessofthetabdecreasedwithincreasingMach
number.Itwasshownthattheaileronrollingeffectivenesswasdecreased
considerablywhenthetabwasusedtoreducetheaileronhingemoments.
Thetabwasan effectiveaerodynamicbalanceforMachnumberslessthan
1.1;however,forapproximatelyequalcontrolhingemomentstheaileron-
tabcombinationwaslesseffectivethana narrow-chordaileronforMach
numbersgreaterthan1.2. At no timeduringtheinvestigationdidthe
mass-balancedaileronshowanyevidenceofbuzzorflutter.Itwasalso
shownthatthetabeffectivenesscouldbe estimatedwithreasonable
accuracyfromexperimentaldataandfromthin-airfoiltheory.

INTRODUCTION

As thespeedofairplanescontinuesto increase,theproblemof
providingadequatepowerto overcomecontrolhingemomentsinordertc!
obtainsufficientcontrolbecomesmoreacute.Thedisadvantagesof
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mechanicalandhydraulicsystemsformultiplyingthepowerthatcanbe w

suppliedby thepilotarebecominggreateras thepowerrequirements
increaseandthespaceavailablefortheinstallationofa boostsystem
decreases.An alternatewayof approachingtheproblemwouldbe tofind “
somewayofreducingthecontrolhingemomentssothattheneedfora
controlboostsystemcouldbe decreasedoreliminated.TheNational
AdvisoryCommitteeforAeronauticshasbeenengagedforsometimeina
programto investigatevariousmethodsofreducingcontrolhingemoments
withaerodynamicbalances.Summariesoftheexpertientalworkthathas
beendoneonvariousaerodynamicbalancesat subsonicspeedsandinthe
high-subsonic,transonic,andsupersonicspeedrangesareincludedM
references1 and2,respectively.Resultsofa preliminaryinvestiga-
tionof theeffectivenessofseveraltabarrangementsasaerodynamic
balancesinthetransonicspeedrangearereportedinreference3.

As partoftheaforementionedprogram,theLangleyPilotlessAir-
craftResearchDivisionhascompleteda preliminaryinvestigationwith
a zero-liftrocket-propelledmodelto determinetheeffectivenessof
an insettabasanaerodynamicbalanceintheMachnumberrangebetween
0.7and1.4correspondingtoa Reynoldsnuniberrangeof3.4 x 106to
9.5x 106(basedonthemeanaerodynamicchordofthewing).In this
investigation,the,rearward30percentofa full-spanO.S-chordaileron
wasgivena deflectionof 7.74° normalto thetabhingelineto forma
fixedinsettab. Theaileronwashingedalongthe70-percent-chordline

F

ofa swept,tapered~ ofaspectratio3 whichhadNACA62006 airfoil
sectionsparalleltothemodelcenterline.Theflighttestwascon-
ductedat thePilotlessAircraftResearchStationatWallopsIsland,Va.

.

SYMBOIS

b wingspan,ft

c wingchordparalleltothemodelcenterline,ft

v free-streamvelocity,ft/sec

M free-streamMachnumber

P modelrollingvelocity,radians/see

Pb wing-tiphelixangle,radians
z

pb
/

~ aa aileronrolltigeffectivenessparameter,radians/deg

—-

8

.
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M’

Ch

Ch =
%

tabrollingeffectivenessparameter,radians/deg

averageangleofattackresultingfromtherolling
velocity,radians

dynamicpressure,lb/ft2

ailerondeflectionrelativetowing-chordplanemeasuredin
a planeperpendiculartotheaileronhtigelineandnormal
tothewing-chordplane(positivewhenthetrailingedgeof
leftaileron,asviewedfromrear,isdown),averagefortwo
ailerons,deg

deflectionof tnsettabrelativeto aileron-chordplane
measuredina planeperpendicularto thetabhingeline
andnormalto theaileron-chordplane(positivewhen
trailingedgeof lefttab,asviewedfromrear,isdown),
averagefortwotabs,deg

areamomentof aileron(withinbasicwtngplanform)rearward
of theaileronhingeline,aboutaileronhingeline

aileronhinge-momentcoefficient,

Aileronhingemomentabouthfigeofaileron
q2M‘

()

&h

z moo,~t

~h

()G Q@ ,~a

()

~h
-
% ba=+oo

Thesubscriptsoutsidetheparenthesesindica$ethefactorsheld
constantduringtheindicatedoperation.

—— ——
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MODELDESCRIPTION .

.Theprincipaldimensionsandexternalgeometryofthemodelusedin
thisinvestigationareshowninfigures1 and2. Themodelconsisted-of
a po~tedcylindricalfWela8etowhichthewingsanda cruciformtail
wereattached.

-.

Thefuselage,whichwasfabricatedfromwoodandaluminum,contained
a spinsonde(ref.4) inthenose,telemeteringequipment,anda 3,25-inch
aircraftrocketmotor.Thecruciformtailatkchedtotherearofthe
fuselagewasmountedsothatitwasfreetorotateabouttherollaxis
ofthemodel.

Thewingconstructionconsistedof alaminatedsprucecorecovered
witha O.0~-inch-thickaluminum-alloyskin.Thiswinghadanaspect

—

ratioof3.o,a taperratioof0.6,~CA 6xo06airfoilsectionsparallel
tothemodelcenterline,45’Osweepbackatthequarter-chordline,and
full-span,constant30-percent-chordailerons.Theailerons,supported
alongthe70-percent-chordlinewithfourhinges,weremachinedfrom
magnesiumalloyandweremss-bdancedaboutthehingeltiewitha
pressed-tungstenoverhang.Theaileronswereconnectedby a steelyoke
(fig.3)thatstraddledtherocketmotorcasesothateachaileronwould
mve throughthesameangle.Furthermore,theaileronswerearrangedso ●

.-

theywerefreetofloatat thedeflectionwhichresultedinzeroaileron
hingemoment.Maximumailerondeflectionswerelimitedtoapproximately
~IIOmeasuredina planeperpendicularto theaileronhingelineand
normaltothewing-chordplane.Therear0.3chordof eachaileronwas
deflectedrelativeto theforwardportiontoforma fixed,full-span,

—

inset,balancingtab. Thetabdeflectionwas7.74° measuredina plane
perpendiculartothetabhingeline. —

TESTTECHNIQUE

Themodel,whichwasacceleratedtoa maximumMachnumberof 1.4by
a two-stagepropulsionsystem,waslaunchedfroma shortraillauncher
(fig.k)thatwasinclinedat anangleofapproximately70°abovethe
horizontal.Duringflight,timehistoriesoftheflight-pathvelocity,
rollingvelocity,andtheaileronfloatingangle obtainedby radar,
radio,andtelemetry,respectively,wererecordedatgroundreceiving
stations.Thetimehistoriesofthesevariablesareshowninfigure~.
Thesedata,inconjunctionwithradiosondemeasurementsofatmospheric
conditionsencounteredduringtheflight,permittedtheevaluationof
theaileronrollingeffectivenessparameter

I
&5a andthetabeffec-
2V ●

tivenessparameter5a/5t intheMachnumber-rangebetween0.7and1.4.
.
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Thetechniquesusedtoobtainflight-pathvelocityandrollingvelocity
arefurtherdiscussedinreference5.

ACCURACY

Thesystematicerrorsinthemeasuredaileronfloatinganglescaused
by thelimitationsof themeasuringandrecordingsystemsandby excess
playinthecontrolsystemareesthatedb bewithinil”. Theerrorin
bt is est~ted tobe lessthan~0.060.Othermeasuredvaluesareesti-
matedtobe accuratewithinthefollowinglimits:

Subsonic Supersonic

pb/2V,radians. . . . . . . . . . . . . . . . . ti.005 to.004
M . . . . . . . . . . . . . . . . . . . . . . .~o.olo to.005

RIWLTSANDDISCUSSION

A portionof theactualtelemeterrecordobtainedbetweenM = 0.95
and M= 1.05 ispresentedinfigure6. Thetraceontherecordindi-
catestheaileronfloatingangleas a functionof time. It issignifi-
canttonotethatatno tim duringtheflightdidthetraceon thetele-
meterrecordgiveanyindicationthatthefree-floatingmass-balanced
aileronsweresubjecttobuzzorflutter.

Experimental-resultsofthisinvestigationshowingthevariationof
theaileronfloatingangleandthewing-tiphelixanglewithMachnumber
arepresentedinfigure7. Theaileronfloatingangle,whichisthe
angletheaileronassumedforthesumofthemomentsabouttheaileron
hingelineto equalzero,decreasedwithincreasingMachnumber,thus
indicatingthattheeffectivenessof thefixedinsettabas anaero-
dynamicbalancedecreasedas theMachnumberincreased.However,
includedidtheapparentreductionintabeffectivenessisa decrease
intherelativelysmallbalancingeffectobtainedfromtheangleof
attackduetoroll~. Thedecreaseinthissmallbalancingeffect
resultedprimarilyfromthedecreasein pb/2V withincreasingMach
number.

Presentedinfigure8 isa curvedeterminedfromtheresultsof
thistestshowingthemannerwithwhichtheaileron-deflection—tab-
deflectionrationeededforzeroaileronhfigemomentvariedwithMach

,.

.
.

.- - —--



6

number.From

NACARM L52K07

.

itcanbe seenthatjfor thesmallvaluesof ~ obtainedinthis
c

investigation,%3T* becomesverysmallandtheratio 5a/5t indi-
a

catestheeffectivenessofthetab. Therefore,itcanbe seeninfig-
ure8 thatthetabeffectivenessdecreasedwithincreasingMachnumber
untilat M = 1.4 thetabwasapproximately60percentaseffectiveas
itwasat M = 0.7. However,itisapparentfromthistestthatthe
momentsabouttheaileronhingelinefora constantailerondeflection
couldbebalancedatanyparticularMachnumberby selectingtheproper
valueof 8a/8t.

Valuesof ba/btestimatedfromtheexperimentalaileronrolling
effectivenessresultspresentedinreference6 arealsoincludedinfig-
ure8. Theexperhentalresultsusedfromreference6 wereobtainedfor
modelswiththreewingsof’aspectratio4, eachwfthfixed,full-span
ailerons.No attempthasbeenmadetoapplyanycorrectionforany
differencethatmaybe duetothenumberofwings;however,a correction
forthedifferenceinaspectratiohasbeenappliedby an,asyet,
unpublishedmethod.Thesemodelshadwingsco-qarableinstiffnessto
thoseof thepresentinvestigation;themaximumlossinrollingeffec-
tivenesswasapproxtitely20percentoftherigid-wing.yaluesthrough-
outtheMachnuniberrangeofthesetests.Inthisanalysis,theassump-
tionwasmadethatcontrolliftforceona wing-controlcombinationis
proportionaltothe pb/2V perunitcontroldeflectiondevelopedby
thatcombination.Hence,itwaspossibleto calculatethevalueof 8a/%
necessaryforzeroaileronhingemoment,first,byestimatingwiththe

/~ba fora wing-controlcombinationaidofreference6,valuesof 2V
havinga controlchordequalto thetestaileronchordlesstheinset-
tabchord;second,valuesof

/
‘J bt werees
2V timatedfor-awing-control

conihinationwheretheInsettabwasconsideredtobe theonlycontrol.
Thenthemomentsabouttheaileronhingelineresultingfromtheselift
forcesandthedistancestoappropriatecenter-of-preswirelocations,
basedonavailablebutasyetunpublisheddataonvariousflapandtab
loadings,weresummedandsetequalto zero.Valuesof b#t that
werecalculatedintheforegoingmannershowfairagreementwiththe
experimentalresultsobtainedfromthistestthroughoutthe~ch number
rangeinvestigated. .

.

—.

v

.
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tipiricaldatainreference1 wereusedto calculatea subsonic
valueof 5a/5t.Thisvalue,whichisshowninfiguie8 for M = 0.7,
agreeswellwiththeexperimentalvalueatthisl&chnumber.

Thepointsat M = 1.67 and M = 1.94 infigure8 aretheresults
of twomethodsthatwereusedto calculatesupersonicvaluesof ~a/~t
atthelowestMachnumbersatwhichtheparticularmethodscouldbe
applied.Thin-airfoiltheorywasusedto caldulatethe aa/% value
shownat M = 1.67 by assmdngtwo-dimensionalsupersonicflowovera
thin-plateairfoil-aileron-tabccnnbinationandusingobliqueshockcom-
pressionandPrandtl-Meyerexpansionformulasfromreference7 to obtain
pressuredifferencesovertheaileronandtabsurfaces.Valuesofthe
rateof changeof aileronhingemomentwithailerondeflectionandangle
ofattackfortheaileron-tabconibination,determinedfromreference8,
wereusedto calculatethevalueof 5a/bt shownat M = 1.X. After
extrapolatingtheexperimentalresultsobtainedduringthepresenttest
(as’sumingonlya smalllossintabeffectivenesswithinn~s~$ Mach
number)Itcanbe seenthatthecalculatedvaluesof M = 1.67
and M = 1.94 wouldbe of thesameorderofmagnitudeas theextrapolated
values.

TheprobablepenaltyincurredthroughouttheMachnumberrange
investigatedfromusingtheinsettabtobalancetheaileronhinge
momentscanbe notedinfigure9 by comparingtheaileronrolMng-
effectivenessvaluesobtainedduringthepresenttestwiththeaileron-
rolling-effectivenessvaluesest~ted fromreference6 forthesame
wingwitha 0.3caileronandno tab. Thelossinaileronrollingeffec-
tivenessduetotheInsettabwasnearlyconstantthroughouttheMach
numberrangeinvestigatedandamountedto approximately75percent
atM= 1.4.

Theexperimentalresultspresentedinreference6,correctedfor
thedifferenceinaspectratio,werealsousedto estimatetheaileron
effectivenessof a wing-aileron-tabconfigurationsimilarto themodel
employedinthisinvestigation.Theseestimatedrolling-effectiveness
values,as showninfigure9, agreeverywellwiththeexperimental
resultsobtainedduringthepresenttestthroughouttheMachnumber
rangeinvestigated.

Infigure10,a comparisonismadebetweenthe ~b 5t%/ values
obtainedfortheaileron-tabcombinationemployedinthepresentinvesti-
gationandthoseestimatedfromtheresultsofreference6 fora similar
configurationexceptthat Ga = 0°,whichcorrespondstoa configuration
having0.09ctabsthatservedasnarrow-chordailerons.Thiscomparison
showsthat,forequaltabdeflections(approximatelyequaltabhinge
moments),geaterrollingeffectivenesswasobtainedby theaileron-tab
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periodofaboutequal
rollingeffectiveness
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uptoapproxhatelyM = 1.1. Eowever,aftera
rollingeffectiveness(endingat M x 1.2)greater
wasobtainedby theconfigurationwiththe

0.09c~absthatservedasnarrow-cho~dailerons:

CONCLUSIONS

.

.

Theresultsofan investigationmadeintheMachnumberrange
between0.7and1.4witha techniquethatutilizeda zero-liftrocket-
propelledmdel todeterminetheeffectivenessof a full-spaninset
tabasa deviceforreducingaileronhingemomentsofa full-span
0.3-chordaileronona wingofaspectratio3 andtaperratio0.6that
wassweptback45°alongthe0.25-chordlineandthathadNACA65AO06
airfoilsectionsparalleltothemodelcenterMne indicatethefollowing
conclusions:

1.Thetabwascapableofbalancing(trimming)theaileronhinge
momentsthroughouttheMachnuniberrangeinvestigated.

2.Thebalancingeffectivenessofthetabdecreasedwithincreasing
MachnumberthroughouttheMachnumberrangeinvestigated.

●

3. Theaileronrollingeffectivenesswasdecreasedconsiderably
by thepresenceofthetabthroughouttheMachnumber--rangeinvestigated. .

4.ThetabwasaneffectiveaerodynamicbalanceforMachnumbers
lessthan1.1;however,forapproximatelyequalcontrolhingenmments
theaileron-tabcombinationwaslesseffectivethana &rrow-chord
aileronforMachnumbersgreaterthan1.2.

5.Therewasno indicationthattheaileron,
balanced,wassub~ectedtobuzzorflutteratany

whichwasmass-
timeduringthetest.

6. Itappearspossibletoestimatetheeffectivenessof
taboftheparticularconfigurationtestedfr~mexperIiiental
fromthin-airfoiltheory.

LangleyAeronauticalLaboratory,
NationalAdvisoryCommittee

LangleyField,Va.
forAeronautics,

an inset
dataand

.

.
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